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Introduction
The recent interest in oxides with a K 2 NiF 4 -type structure is, in part, associated with their importance as models for understanding physical properties such as superconductivity and magnetoresistance. Additionally, K 2 NiF 4 -type phases such as La 2 NiO į have recently attracted considerable interest as alternative materials for solid oxide fuel cells due to their interesting transport properties [1, 2] . As n=1 members of the Ruddlesden-Popper phases, the K 2 NiF 4 -type oxides have shown an enhanced stability under reducing conditions due to their ability to accommodate a wide range of coordination environments and oxidation states. Ruddlesden-Popper phases such as Sr 3 Fe 2 O 7-į [3] and Sr 3-x La x Fe 2-y Co y O 7-į [4] have shown a high degree of structural stability in reducing environments at elevated temperature and reasonably good transport properties making them possible candidates for oxygen separation membranes and solid oxide fuel cells. We have previously shown that LaSrCo 0.5 Fe 0.5 O 4 is able to withstand reducing condition (10% H 2 /N 2 ) up to 1000°C via reduction of Co 3+ into Co 2+ and formation of LaSrCo 0.5 Fe 0.5 O 3.75 [5] . The oxide ion vacancies were disordered and distributed within the equatorial planes of the structure. for 12 h at 700 and 1000°C, respectively.
X-ray powder diffraction (XRD) data were collected using a Siemens D5000 diffractometer in transmission mode, employing CuKĮ 1 radiation from a germanium monochromator.
Thermogravimetric analysis was performed using a Rheometric Scientific STA 1500 thermal analyzer where samples (~30 mg) were reduced at 10°C/min in 10% H 2 /N 2 . Neutron powder diffraction (NPD) data were collected at room temperature and 1.5 K on the HRPT diffractometer at SINQ, PSI using wavelengths of 1.8852 Å and 1.4942 Å. Rietveld refinements were performed on the powder diffraction data using the GSAS suite of programs [6] employing a pseudo-Voigt profile function. A correction for preferred orientation along the [001] direction was allowed in the refinement. Magnetic data were collected using a Quantum Design MPMS SQUID magnetometer in the temperature range 5-300 K. Zero-field-cooled (ZFC) and field-cooled (FC) data were collected on warming using an applied field of 0.5 T. The ac susceptibility was measured by varying the frequency from 30 Hz to 1 kHz with the field amplitude of 3 Oe. 57 Fe Mössbauer spectra were recorded at 298 and 16K in constant acceleration mode using a ca.25 mCi 57Co/Rh source and a helium closed-cycle cryorefrigerator. All the spectra were computer fitted and the chemical isomer shift data are quoted relative to metallic iron at room temperature. m a n u s c r i p t 5
Results
Structural Characterization: XRD patterns showed the as-prepared and the reduced materials to be single-phase with no evidence of starting materials or product impurities. The patterns were indexed on a body-centred tetragonal unit cell related to a K 2 NiF 4 -type structure ( Figure 1 ).
Structural refinements of the XRD data were performed employing the ideal tetragonal I4/mmm space group; however, as expected for X-ray diffraction data from materials of this type, the refinements were insensitive to oxide ion site occupancy. Oxide ion sites were therefore fixed at full occupancy in all samples and the refined unit cell parameters are given in Table 1 .
The reduction behaviour of the as-prepared materials was followed by thermogravimetric measurements in which the materials were heated (10°C/min) in flowing 10% H 2 /N 2 ( Figure 2 ). Figure 3 ; structural data and some selected bond lengths are given in Table 2 and Table 3 Refinements showed no evidence of symmetry lowering due to cation or vacancy order.
The scattering length contrast in Co/Mn and Co/Fe is such that ordering would have been easily detected [7] . The oxide ion vacancies created in these materials are confined to the equatorial planes of the K 2 NiF 4 -type structure. Attempts to refine a model in which oxide ion vacancies were distributed between axial and equatorial positions in a manner similar to NdSrCuO 3.56 [8] The spectrum recorded at 16K was characterised by a complex broad lined magnetic hyperfine pattern which was best fitted to two discrete sextets (H=45. 4 (Table 4 ) compatible with this situation.
Magnetic Characterization: The variation of magnetic susceptibility with temperature for the different samples is shown in Figure 5 . The as-prepared materials generally showed higher magnetization than the reduced ones, with a paramagnetic enhancement of susceptibility at low temperatures. A distinct divergence between ZFC and FC susceptibilities is indicative of spin glass behaviour. As shown in the inset of Figure 5 -a, the susceptibility of La 0. NPD data collected from this material at 1.5 K were used to confirm magnetic order at this temperature. A series of additional Bragg reflections, compared with the data sets collected at room temperature, were clearly observed in the low temperature data (see Figure 6 ). The low temperature diffraction data showed no evidence of symmetry lowering from tetragonal to orthorhombic, and the magnetic reflections were indexed on a primitive tetragonal cell with lattice parameters a'=¥a A c c e p t e d m a n u s c r i p t 7 and c'=c. A VWURQJ PDJQHWLF SHDN DW șa°(see Figure 6 ), which corresponds to the (100) reflection of the magnetic supercell, indicates the ferromagnetic component of the moments to be perpendicular to the <100> directions, and is therefore consistent with noncollinear magnetic order [9, 10] previously reported, for example, for La 1+x Sr 1-x Co 0.5 Fe 0.5 O 4-į [5] (Figure 7 ). The profile fit and structural results of the Rietveld analysis of the low temperature NPD data are shown in Figure   6 and Table 5 
Discussion
The overall stoichiometries of the materials were determined by NPD and TG analyses as The spin glass behaviour has been confirmed by ac magnetic susceptibility measurements. Under reduction, an expansion in c occurs as a result of MO x expansion due to reduction of low-spin Co 3+ to high-spin Co
2+
. However, MO x expansion in the xy plane is inhibited by a contraction in the La/Sr coordination sphere due to lowering of the coordination number (< 9), this usually results in freezing or contraction in a [5, 9] (see Table 1 ). This effect explains the observed displacement of equatorial oxygen O1 in the xy plane in order to maintain M-O1 bond lengths. The displacement moves oxygen atoms from the ideal sites (0.5,0,0) to (0.5,y,0) sites, with y being dependent on the degree of oxygen deficiency. This is clearly observed here, where the y value is A c c e p t e d m a n u s c r i p t [5] .
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